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Abstract
In recent years, it was found that the energy Ec.m. in the centre of mass frame of two colliding particles can be unbounded near
black holes. If collision occurs exactly on the horizon, Ec.m. is formally infinite. We analyze briefly different scenarios of such a
kind and show that in every act of collision Ec.m. is finite (although it can be as large as one likes). The factors preventing infinite
energy are diverse: the necessity of infinite proper rime, infinite tidal forces, potential barrier, etc. This prompts us to formulate a
general principle according to which the limits in which Ec.m. becomes infinite are never achieved.
Keywords: black holes, particle collisions
PACS: 04.70.Bw, 97.60.Lf
1. Introduction
Some of fundamental principles in physics have a form of
prohibition. Say, impossibility to reach the absolute zero of
temperature constitutes the third law of thermodynamics. A
similar statement in black hole physics implies that one cannot
convert a nonextremal black hole into the extremal one during
a finite number of steps. The principle of cosmic censorship
states that one cannot see a singularity from the outside. Inves-
tigations on particle collisions revealed one more such a prin-
ciple that remained shadowed until recently. This can be called
”principle of kinematic censorship”: the energy in the centre of
mass frame of any colliding particles cannot be infinite. In usual
laboratory physics this looks quite trivial. Indeed, in, say, flat
space-time any energy gained or released in any process is al-
ways finite. And, starting with the total finite energy, one cannot
obtain something infinite due to the energy conservation. The
situation radically changed after findings made in [1]. It was
shown there that if two particles collide in the extremal Kerr
background and parameters of one of two particles are fine-
tuned properly, the energy Ec.m. in the centre of mass becomes
unboundedwhen a point of collision approaches the horizon r+:
lim
r→r+
Ec.m.(r)→ ∞. (1)
Later on, other versions of this process were found in differ-
ent contexts. In doing so, the input was finite (particles with
finite masses and energies) but the output is formally infinite
in some limiting situations. Below, we argue that, nonetheless,
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in each act of collision Ec.m. remains finite, although it can be-
come as large as one likes. This is because the limit turns out
to be unreachable in each case. Meanwhile, the nature of these
factors is completely different in different scenarios. We enu-
merate several typical situations.
2. Extremal black holes
Let us consider the metric
ds2 = −N2dt2 + gφ(dφ − ωdt)2 +
dr2
A
+ gθdθ
2 (2)
in which the coefficients do not depend on t and φ. We assume
that the function ψ ≡
√
A/N is finite on the horizon like in the
Kerr-Newman metric. By definition of an extremal black hole,
near the horizon r+,
N ∼ r − r+. (3)
For equatorial motion, it follows from the geodesic equations
that the proper time τ required for a particle to travel from r0 to
r < r0 towards the horizon equals
τ =
∫ r0
r
mψ dr√
(E − ωL)2 − N2(m2 + L2
gφ
)
. (4)
Here, E is the particle energy, L being its angular momentum,
m mass. We use the systems of units in which the speed of light
c = 1.
The essential feature of the Ban˜ados-Silk-West effect is that
one of particles has E − ωH L = 0, where ωH is the value of
ω on the horizon. Such a particle is called critical. For small
N we have E − ωL = O(N). Taking into account (3), we see
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that τ ∼ |ln(r − r+)| diverges [2]–[4]. It means that a fine-tuned
particle never reaches the horizon, so collision never occurs ex-
actly on the horizon. It can happen close to it. Then, Ec.m.
is large (even unbounded) but finite in each concrete collision.
The same situation happens for collision of radially moving par-
ticles in the background of the Reissner-Nordstro¨m metric [5].
3. Nonextremal black holes, collisions outside
Now, there are no trajectories with infinite τ. However, an-
other difficulty comes into play. The allowed region of motion
is characterized by Veff ≤ 0 (see Fig. 1). Here, the effective
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Figure 1: The effective potential for motion in the equatorial plane of the Kerr
black hole with a/M = 0.95 and critical particle with Lcr ≈ 2.76Mm. Allowed
zones for particle with L = 2.5Mm are shown by the green color.
potential Veff is defined according to (see [6] for details)(
dr
dτ
)2
+ Veff = 0. (5)
The critical particle cannot approach the horizon at all because
of the potential barrier. One can let parameters of a particle
to differ slightly from those of the critical one. Then, such a
near-critical particle can approach the horizon and collide there
with some another one. In such a case Ec.m. ∼ 1/
√
δ where δ is
the parameter that controls the deviation from the exact critical
relationship [2]. Thus, Ec.m. can be made as large as one likes
but not infinite. And, collision of interest can occur within a
narrow strip near the horizon only [2], [3]:
0 ≤ N ≤ N0, (6)
where N0 ∼ δ. For the Kerr metric (see Fig. 1) r+ ≤ r ≤ rδ.
When δ → 0, the region with high energy outcome degener-
ates into the point, so collision between two particles becomes
impossible.
4. Nonextremal black holes, collisions inside
Now, both potential barrier and infinite proper time are not
encountered in the problem. Formally, when a particle ap-
proaches the inner horizon r−,
lim
r→r−
Ec.m.(r)→ ∞. (7)
However, the point is that a variable r is not sufficient to
characterize a collision. If one draws a Carter-Penrose diagram
with the help of Kruskal-like coordinates, one can see that the
trajectories of colliding particles do not intersect on the horizon
at all [7]–[9]! (See Fig. 2). This means that such a collision
Figure 2: Impossibility of the infinite energy in collision on the inner horizon.
Two usual particles hit different branches of the horizon.
cannot be realized on the horizon. The trajectories can intersect
in some intermediate point but in that case Ec.m. is modest. One
can repair the situation choosing a point of collision close to the
bifurcation point [9]. Then, Ec.m. indeed can be made large. But
it is still finite.
5. Scalar field and infinite acceleration
Let a black hole be surrounded by a scalar field and one of
colliding particles is minimally coupled to this field. None of
the factors outlined above is relevant here. But, instead, another
phenomenon comes into play. Let the scalar field diverges near
the horizon like ϕ ∼ N−β. If β < 1, the proper time of traveling
to to the horizon is indeed finite [10]. Meanwhile, if one cal-
culates the absolute value of the four-acceleration experiences
by a particle under action of the scalar field, a ∼ N2(β−1) → ∞
[10]. The gradient of a diverges as well. Any particle having
small but nonzero size will be teared to pieces, so collision on
the horizon becomes impossible.
6. Conclusion
We considered several completely different examples in
which it seemed to be ”obvious” that Ec.m. could be infinite.
However, we saw that in each of the examples, some ”hidden”
factor reveals itself which acts to prevent Ec.m. from being infi-
nite. The nature of these factors is quite different and depends
strongly on the situation. This indeed points to the validity of
some fundamental underlying principle called by us ”principle
of kinematic censorship”.
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